Introduction
A species' population size and distribution are determined by patterns of natality and mortality that may change over space and time. Thus, wildlife managers must understand sources of variation in these vital rates to achieve management goals, especially for a population in decline. The Lesser Scaup (Aythya affinis) is a medium-sized diving duck that breeds in the boreal forests and prairie-parklands from Alaska to northern United States (Anteau et al. 2014) . Combined North American breeding populations of Lesser Scaup and the similar-looking Greater Scaup (A. marila) have declined from highs of 5-7 million birds in the 1970s to 3-4 million in the past decade (Dooley et al. 2015) . The decline appears to have started in the early 1980s. Lesser Scaup constitute about 90% of the combined population and most of the decline has been attributed to this species because of widespread decline in the Canadian western boreal forest, where most Lesser Scaup breed (Afton and Anderson 2001) . Lesser Scaup (but not Greater Scaup) also breed in southwestern Manitoba parkland, and a decline in the local scaup population has been noted from the early 1980s to about 2000 when scaup numbers appear to have stabilized ( Figure 1 ).
Several hypotheses have been offered to explain lowered scaup populations, including exposure to chemical contaminants (Custer et al. 2003; Anteau et al. 2007; DeVink et al. 2008a,b) , climate changes affecting boreal forest wetlands (Drever et al. 2012) , and changes in food resources in wintering and migration habitats (Afton and Anderson 2001) , all of which could affect recruitment through reduced breeding propensity, clutch size, nest success, or female and duckling survival. The spring condition hypothesis (SCH; Afton and Anderson 2001) posits that reproductive success of scaup has declined because females now arrive on the breeding grounds with fewer nutrient reserves than they did in the past and this decline in body condition is the result of reduced food resources (quality and quantity) available at wintering, migration, or breeding areas.
Consistent with the SCH, the body condition (spring lipid reserves) of females was lower than in the past across a wide area of the upper-midwest United States at traditional migration stopover areas (Anteau and Afton 2009a) . Also, wetland quality, availability of food resources, and foraging efficiency of females were low across the same broad landscape Afton 2008a,b, 2009b) . Similarly, on the breeding grounds, lipid reserves of females recently arrived in the southern Manitoba parkland in 2000 and 2001 were much lower than 1977-1980 values (Anteau and Afton 2004) . For boreal breeding scaup, historical nutrient reserve data are sparse (body mass only; Trauger 1971) but lipid reserves of boreal females measured during [2003] [2004] in northern Alberta and the Northwest Territories were much lower than historical values reported for females in northwestern Minnesota in 1986 -1988 and southwestern Manitoba in 1977 -1980 (Anteau and Afton 2004 , 2009a ; but see DeVink et al. 2008c) . Furthermore, recent studies have reported that some reproductive parameters, such as nest success, female survival, duckling and brood survival, and breeding probability, were low in boreal and parkland breeding sites, at rates that would be consistent with the SCH (Fournier and Hines 2001; Brook 2002; Koons and Rotella 2003; Corcoran et al. 2007; Martin et al. 2009 ). Afton and Anderson (2001) and Anteau and Afton (2009a) speculated that reduced food resources at nonbreeding areas would affect body condition and, hence, recruitment of northern boreal breeders more than southern prairie-parkland breeders because of the shorter time between arrival and egg-laying in the north. Icefree conditions occur about 1 month later at Yellowknife, Northwest Territories, a boreal breeding site, than at Erickson, Manitoba, a parkland site (Afton 1984; Brook 2002) . As a result, female scaup arrive later in northern boreal areas than on southern breeding areas, but initiate egg-laying at about the same time at both latitudes (Brook 2002; Gurney et al. 2011) . Resident females typically delay egg-laying by 4-6 weeks after arrival in southern Manitoba (Afton 1984) , but boreal females begin nesting shortly after arrival (Trauger 1971; Brook 2002) . Such a relatively lengthy pre-laying period in the south might allow females to recoup migra tory nutrient losses and better prepare for egg-laying, incubation, and brood-rearing. Therefore, in southern breeding latitudes, reproductive rates might be reduced from pre-continental population decline values, but perhaps not as much as for females breeding at higher latitudes.
However, at the Erickson breeding site, Koons and Rotella (2003) reported estimates of nest success (11%) and duckling survival (20%) during 1999-2000 to be low and similar to rates recorded for recent studies in boreal forest areas (Fournier and Hines 2001; Brook 2002; Corcoran et al. 2007; Martin 2007) . In southern Saskatchewan, in 1999 -2000 , Brook (2002 reported lower nest success (3%) and duckling survival (38% Dawson and Clark 1996) than at Yellowknife (14% and 61%, respectively). As well, Koons and Rotella's (2003) nest success and duckling survival estimates at Erickson were much lower than those recorded there before the continental population decline (31% and 68%, respectively; Afton 1984), and their female breeding season survival estimate (73%) was lower than that reported for any northern-latitude breeding duck. In addition, clutch initiation date, which is often negatively associated with reproductive success (Dawson and Clark 2000; Esler et al. 2001; Blums et al. 2002; Brook 2002) was later than historical estimates: 24 June versus 15 June (Koons and Rotella 2003) . Such low vital rates suggest that recruitment may be negatively affected in the southern breeding grounds more so than previously thought.
Field studies conducted in parkland habitat during the scaup population decline have been of short duration, e.g., 2 years (Brook 2002; Koons and Rotella 2003) , and, thus, given annual variation in environmental conditions, are of limited value in determining how reproductive rates vary over time or in understanding factors affecting the rates. Accordingly, to provide -decline, 1970-1972 (the early period) data from previous research (Hammell, unpublished data, 1973) . Because, at Erickson, the total number of scaup breeding pairs has declined from the early period; lower reproductive rates have been reported recently; and body condition of scaup females on arrival in spring may be lower than in the past, I predicted that recent-period reproductive rates would be lower than comparable early-period estimates. I predicted that my current estimates of productivity and duckling survival would be lower than those recorded in the early period on the basis of Koons and Rotella's (2003) findings. I also expected mean Ia and IIa brood sizes to be smaller mainly because of lower duckling survival. I expected my recent mean hatching date (MHD) estimates to be later than those in the early period if scaup are initiating egg-laying later (Koons and Rotella 2003) , but still renesting at similar rates described for the early period (Afton 1984) . However, MHD might not be later (similar to the early period) or might even be earlier if scaup are initiating laying later but not renesting because of time constraints resulting from a shorter breeding season (i.e., exhibiting a truncated hatching distribution relative to that in the early period). Also, female waterfowl are usually in poor body condition at hatch, and time spent in brood care reduces time spent on self-maintenance in preparation for migration (Afton and Paulus 1992) . Female scaup leave their broods for longer times as broods mature and eventually abandon them and spend more time feeding than when with broods (Afton 1993) . Presumably, adult females can regain lost reserves more efficiently than females with broods. Therefore, if broodrearing female scaup are in poorer body condition and/ or are initiating nesting later than in historical times, the decision to abandon the brood might be made earlier, and I would expect my recent study to show lower proportion of age class IIa broods with an attending female.
Study Area
The study area is situated in the parkland pothole region of southwestern Manitoba near Erickson (50°30'N, 99°55'W). The topography of the area is rolling with numerous ponds and lakes. The intensively studied areas constitute a block (6.8 km²) and a roadside transect (71 km) established in [1970] [1971] [1972] , and the same block study area (BSA) and a different roadside transect (21.7 km, 4.0-12.5 km to the southeast) established in 2009 (Figure 2 ). The 2009-2014 transect, which partly coincided with the earlier one, was established to increase pair and brood sample sizes as preliminary data collection in 2008 indicated that the scaup breeding population on the BSA (19-23 pairs, 1970-1972) had decreased significantly (2-5 pairs, 2008 Hammell 2014) . Given the study goals and resources available, this new, spatially proximate transect was logistically more feasible than the historical one. In 1970-1972, the BSA contained about 160 wetlands: 68 class 1, 50 class 2, 12 class 3, 7 class 4, and 23 class 5; size range ≤ 0.2-11.5 ha (Stewart and Kantrud 1971) . In 2008-2014, there were about 141 (loss of 2 small dugouts and 17 class 1-3 wetlands). Relative to other agricultural areas of Manitoba, the study site has changed little in wetland area or upland use from the FIGURE 2. Location of block study area (BSA) and 1970 -1972 early 1970s (Hammell 2014) . During the record wet year, 2011, several permanent ponds (class 5) joined forming several larger wetlands (largest 21.7 ha). The 1970-1972 transect consisted of 56-59 semipermanent (class 4) and permanent wetlands (mean = 2.1 ha, range: <0.8-8.9 ha), selected according to size criteria, whose open water area could be viewed in entirety from a roadside vehicle. The 2009-2014 transect (15.8 km²) consisted of all class 2-5 wetlands with observable water (32 class 2 [temporary], 56 class 3 [seasonal], 41 class 4, and 32 class 5) within 400 m on either side of the road and required walking and driving to survey adequately. I chose a 400 m (rather than 200 m) width because evidence suggests that wider transects better represent wetland density and distribution and, thus, more reliably represent breeding density of scaup and more fully accommodate larger wetlands (Austin et al. 2000) . To increase sample sizes for both study periods, additional hatch date and brood size data were collected opportunistically from other wetlands near the BSA and transects. The uplands in the Erickson area are a mixture of lands sown to cereal and oilseed crops, hay, pasture, and native woodland. During 2008-2014, BSA and transect land use patterns were, respectively, cultivated, 39% and 18%; pasture, 13% and 43%; hayland, 24% and 15%; wetland, 14% and 15%; woodland, 6% and 5%; other (yard sites, ditches, commercial, etc.), 4% and 4%. one permanent small island occurred on the BSA and none on the 2009-2014 transect. The area and changes over time are described in more detail by Rogers (1964) , Sunde and Barica (1975) , Afton (1984) , Koons and Rotella (2003), and Hammell (2014) .
Methods

Breeding pair surveys
To record breeding populations of scaup on the BSA, 1 or 2 observers walked a fixed route at approximately weekly intervals from early May to late June, 1970 June, -1972 , and from mid-May to mid-June, 2008-2014 (5-6 annual surveys). Wetlands were scanned from 1 or more elevated locations between 0600 and 1400. All class 1-5 wetlands were visited. observed pairs and single males and females on isolated ponds were added for total pair count. I used data from surveys conducted after migration but during the pre-egg-laying and earlylaying periods to avoid the bias of non-paired males being counted as representing pairs. Migration was considered over when pair numbers stabilized on the BSA. I approximated timing of egg-laying by backdating egg embryo age in nests (n = 63) found in 1970 -1972 (Westerskov 1950 or by backdating from estimated date of earliest brood appearance (assuming egg-laying + incubation = 36 days) in [2008] [2009] [2010] [2011] [2012] [2013] [2014] . I averaged the results of BSA surveys within years and used these values for comparison between 1970-1972 and 2009-2014. on the 1970-1972 roadside transect, I collected data at approximately weekly intervals (about 6 h to complete) but this information was not suitable for comparisons of productivity (broods/pair) with recent data because not all ponds in a pre-determined area were observed (only selected classes 4 and 5); therefore, in 1970-1972, breeding-pair estimates were derived from BSA data only but brood data were from the BSA and transect. For breeding pair counts on the 2009-2014 roadside transect, I used criteria similar to those for the BSA. I conducted counts between 0530 and 1800 as scaup were highly visible throughout the day and previous research has shown no differences in numbers of indicated pairs for counts conducted from 0530 to 1330 (Diem and Lu 1960) . From 2009-2014, I conducted 3 annual roadside surveys during late migration to early nesting (21-25 May, 31 May-4 June, 6-11 June). I walked to distant or hidden wetlands and viewed them from several locations to ensure complete coverage. For 2009 and 2010, time constraints allowed only a partial survey of this transect (40 % of class 2 and 3 wetlands, 60% of class 4 and 5 wetlands), taking about 8 h to complete. For 2011-2014, I visited all wetlands with observable water (classes 2-5) within 400 m of the road, over 2 days (17 h). I checked class 1, tillage and class 2 wetlands with closed emergent vegetative stands while en route to other wetlands but did not visit these consistently as scaup are rarely observed on them (Ham mell 1973; this study). Some wetlands were bisected by the roadside transect; thus, I recorded pairs on the entire wetland and included this total in the total transect pair count.
As the 2009 and 2010 transect pair data were incomplete, results were adjusted for biases described above to estimate the number of pairs on the entire transect for those years. Using 2011-2014 data, I developed a correction factor (CF) for each survey count using numbers of pairs observed on all wetlands and numbers observed only on wetlands that were in addition to those surveyed in 2009 and 2010: where, in 2011-2014, PR added is the number of pairs counted on wetlands that were not visited in 2009 or 2010, and PR total is the total number of pairs counted on all wetlands. This factor is the proportion of the count on missed wetlands and was determined within each year for those counts considered post-migration and these values were averaged. The average (CF average ) of the yearly count averages for 2011-2014 was applied to average counts for 2009 and 2010, e.g., This analysis indicated that the mean number of scaup pairs recorded in 2009 and 2010 on the partly surveyed transect represented about70% of the total number of pairs on the entire transect and this adjustment was applied to the 2009 and 2010 raw data as above. Yearly productivity estimates for the BSA and transect correlated positively in the recent period and means did not differ significantly (unpublished data); thus, estimated pairs and broods on the BSA were added to those on the roadside transect and this total represented the pair and brood estimate on the entire 22.6 km² study area.
Brood surveys
Broods of scaup are relatively easily found, as they usually swim to open areas in the centre of the pond when disturbed (Hammell 1973; Anteau et al. 2014) . I described a brood as (a) a female with up to 12 ducklings or (b) as 2-12 isolated ducklings with no female and whose age did not correspond with that of other nearby broods. Larger groups (13-24 ducklings) were considered 2 broods. Broods were observed on wetlands on the BSA, roadside transects and nearby areas. I recorded presence or absence of an adult female and number and age of ducklings, and used information about brood age, size, and location to avoid duplication in counts. occasionally, scaup broods contained ducklings of other waterfowl species, usually Redhead (Aythya americana) and these ducklings were removed from the recorded scaup brood size. I estimated brood ages based on juvenile plumage characteristics (Gallop and Marshall 1954) . For each brood, a hatching date was estimated by backdating from several brood observation dates. During 1970 During -1972 , some females were marked with a coded plastic nasal saddle, so that broods were more readily identified (Sugden and Poston 1968) . Brood surveys began during the first week of July and, because scaup females usually move their broods from smaller to larger (usually class 5) wetlands as they mature (Hammell 1973; Corcoran et al. 2007) , surveys were conducted mostly on class 4 and 5 wetlands until broods reached age class IIa (21-28 days of age). Greatest duckling losses and most brood movement occur before ducklings reach age class IIa (Hammell 1973; Afton 1983; Dawson and Clark 1996; Brook 2002; Corcoran et al. 2007) . Also, most brood-rearing females spend increasing amounts of time away from their broods after they reach age class IIa, and at that point ducklings often form groups on lakes making it difficult to distinguish individual broods (personal observations; Hines 1977; Afton 1984) . Thus, class IIa broods are relatively stable in size and location, represent a good index of juveniles fledged, and have been used similarly by other authors (Afton 1984; Koons and Rotella 2003) .
Brood search effort on the BSA and transects averaged about 7 visits/wetland annually (1970-1972: mean 7.0, range 5-9, no. wetlands 73-76; 2008-2014: mean 7.2, range 5.5-9, no. wetlands 35-54) . I assumed that the number of broods that left the study areas was equal to the number that arrived. Because broods move freely over the entire area of a lake (unpublished data), placing a brood "in" or "out" of the transect was difficult when the transect line bisected a lake. Thus, I counted all broods on bisected lakes and assumed that these broods resulted from the total pair count for that lake. occasionally, broods disappeared between counts and may have moved to a nearby wetland or suffered total brood loss; the extent of such possible losses was unknown. Brood surveys on the transect were incomplete in 2009 and 2010 (3 potential brood wetlands unobserved out of 47); thus, a correction factor was applied to these data similar to that for pairs. This analysis resulted in 1 brood each being added to 2009 and 2010 total estimates.
Data analysis
Recent-period estimates of breeding pairs and broods allowed for comparisons of productivity (IIa broods/ pair) and Ia (1-6 day old) and IIa (21-28 day old) brood size with early-period estimates. Because I was interested in changes between periods rather than individual years, I pooled brood size and hatching date data across years within each period. Yearly productivity estimates and brood size data for each period were tested for differences using Wilcoxon rank-sum test (data analysis using Excel, Microsoft, Redmond, Washington, USA).
Changing mean clutch size could confound brood size analysis, but I assumed no change over time based on recent research findings at Erickson: mean clutch size (1999) (2000) was unchanged from historical times (Koons and Rotella 2003) . I determined MHD for each period (all years combined) and looked for hatching date differences using the Kruskal-Wallis test (McDonald 2014) . Similar MHD can result from different hatching distributions; thus, to look for change in hatching distribution (using analytic methods of previous authors; Rogers 1962; Hines 1977) , hatching dates were as signed to weekly hatching periods in each era and compared using a Kolmogorov-Smirnov test (Holliday 2012) . I tested early and recent data with non-parametric Wilcoxon and Kruskal-Wallis tests because the distribution of variables was unknown, sample sizes were small, or both. Because unpublished analysis of data distributions for the early versus recent periods (hatch date, brood size) indicated that they were similarly shaped and reasonably symmetric, I interpreted results as being tests of differences in mean values.
Mean estimates and confidence intervals for duckling daily survival rate (DSR) for the exposure period between first sighting and age class IIa (21-28 days) were calculated for early and recent periods using procedures outlined by Mayfield (1975) and Johnson (1979) , and 95% confidence intervals for DSRs were examined for overlap to test for significant differences.
Amalgamated broods (0 or more females with > 12 ducklings) were seen most years and were not excluded from the data set, as these broods and single broods have similar duckling survival (Afton 1993) . However, I removed data for some or all of these broods on multibrood lakes if I was unable to accurately determine age and duckling number because of brood mixing and duckling exchange.Also, to provide an alternative measure of duckling survival, I selected broods continuously observed from age class Ia to IIa, and, for both time periods, calculated the proportion of ducklings lost. I used Fisher's exact test (McDonald 2009 ) to test for differences between time periods in number of ducklings lost.
Similarly, I determined the proportion of age class IIa broods with an attending female (BWF; all years combined) for early and recent periods and tested for differences with a Fisher's exact test. I excluded broods first seen without a female and broods sighted only once. When a brood female or duckling disappeared, I assumed this occurred at the mid-point of the observation interval. All statistical tests were considered significant at the P ≤ 0.05 level.
Results
Productivity
During the early period (BSA only, 6.8 km²) and the recent period (BSA+ transect, 22.6 km²) total pairs for all years were estimated at 64 and 245, respectively, and total IIa broods recorded were 15 and 75, respectively (Table 1) . Brood production was higher in years with relatively stable or rising summer water-levels (1971, 2010-2011, and 2013-2014) and decreased in years with declining summer water-levels (1970, 1972, and 2009) or dry emergent conditions (2012). Yearly productivity (broods/pair) values for early and recent periods were not significantly different (P = 0.64; Table  1 ). The range of recorded broods/pair values over both dry and wet summer conditions was similar for both the early (range 0.09-0.47) and recent period (range 0.06-0.48).
Mean hatch date and hatching chronology
MHD for the early period (30 July ± 1 day [day 210.9 ± 0.96 SE, n = 118]) and for the recent period (28 July ± 0.7 day [day 209.2 ± 0.70 SE, n = 216]) were similar (P = 0.16; Table 2 ).
Likewise, the distribution of broods hatching at weekly intervals did not differ between periods (P = 0.98; Figure 3 ).
Brood size, duckling survival and proportion IIa broods with attending female
Mean sizes of Ia and IIa broods were similar for both periods (Ia [early]: mean 6.7 ± 0.3 SE, n = 78; Ia [recent]: mean 6.6 ± 0.3 SE, n = 113, P = 0.76; IIa [early]: mean 6.0 ± 0.3 SE, n = 51; IIa [recent]: mean 6.0 ± 0.3 SE, n = 126, P = 0.99). The 95% confidence interval for the early-period DSR estimate overlapped that for the recent period; thus, DSR for the 2 periods was not different (Table 3) . Duckling survival expressed as the percentage of lost age class Ia ducklings to age class IIa for the early and recent periods (10.5%, n = 200 and 12.6%, n = 461, respectively) was not significantly different (P = 0.52). The proportion BWF (all years) for the early period (0.77, n = 53) was not significantly different from that of the recent period (0.86, n = 135, P = 0.19). 
Discussion
Contrary to my expectations, the reproductive parameters that I examined (i.e., IIa broods/pair, hatching dates, hatching chronology, Ia and IIa brood size, duckling DSR, and proportion BWF) have not changed between 1970-1972 and the present. If changes in natality have occurred, they are not discernible in these data. Small sample sizes may have limited my ability to find differences.
Productivity
For the early and recent periods, mean productivity was similar and yearly productivity was high (> 0.3 broods/pair) in wet years with stable water levels and much reduced (<0.1 broods/pair) in dry years when water levels were low or rapidly declining. My estimate of mean productivity (0.31 broods/pair) and productivity range for recent years was also similar to values reported at Erickson in 1977 -1980 (Afton 1984 ).Afton's productivity estimates (nest success, assumed to be equivalent to broods/pair at hatch) ranged from 0.18 during a dry year to 0.40 during the wettest year. In contrast, using Koons' (2001; personal communication) recorded pair and brood data on his 25.8 km² Erickson study area, I calculated a broods/pair estimate of 0.09 (n = 43 pairs) and 0.17 (n = 30 pairs) in 1999 and 2000 respectively, despite the wet habitat conditions. Neither of these studies published total brood loss or IIa broods/ pair values comparable to my study. Published estimates of total brood loss for scaup are few and limited to boreal scaup, but losses are high Corcoran et al. 2007) .
Undoubtedly, some total brood loss is occurring at Erickson and, therefore, nest success may be higher than my IIa broods/pair values suggest.
Several potential biases may have affected my productivity estimates. In North Dakota, USA, Pagano and Arnold (2007) found that replicated single-observer counts of scaup pairs could underestimate breeding pairs by about 11% and thus, my broods/pair counts could be biased high. In addition, I cannot verify my assumption that no net brood movement occurred on and off the study areas. Nonetheless, my early and recent estimates are comparable as similar detection biases could apply to pair and brood counts. In addition, my recent transect may differ from the BSA in habitat quality for female and brood success and all recent reproductive estimates could be biased. However, I believe that habitat quality is similar across the study areas because preliminary analysis showed similar broods/pair trends over time for the BSA and recent transect and topography, soils, wetland type, predator community, and agricultural practices appear similar. Age structure of the female population can affect productivity and any change in this structure might bias results when comparing time periods. Declining age ratios in the scaup harvest suggest lower recruitment (Afton and Anderson 2001) and possibly a recent breeding population included a higher proportion of older, more experienced adults.
older females have better reproductive performance (Afton 1984) and this might account for the higher productivity I recorded in recent years. I have no data to assess this, but during 1999-2000, Koons and Rotella (2003) , working with marked females, found little change (except for 3 year olds) from historical age structure in the Erickson population. Change in breeding propensity could affect my broods/pair ratios if resident breeding females fail to breed and do not settle on the study area, but this potentially important matter is beyond the scope of this study and I have assumed no change in breeding propensity over time. I suggest that future researchers address these possible biases for scaup broods/pair estimates in parkland and boreal habitat to assess the utility of estimating yearly production by this relatively inexpensive method. Koons and Rotella (2003) reported low nesting success rates at Erickson in 1999 and 2000 (10.8% and 12.1%, respectively) , both years with wet conditions. These values are much lower than Afton's (1984) predecline estimates and my productivity estimates. Koons and Rotella attached radio transmitters to females and these devices have been shown to negatively affect some reproductive parameters (Paquette et al. 1997; Guyn and Clark 1999; Barron et al. 2010; Arnold and Howeter 2012; Bloom et al. 2012 ; but see Pietz et al. 1995) ; however, Koons and Rotella found no evidence of bias in nest survival estimates (unpublished analysis). Brook (2002) reported mean nest success for 1999-2000 at St. Denis, Saskatchewan, to be very low (3% for mainland nests; 95% CI = 0.004-0.120, n = 18), but increasing drought conditions may have negatively influenced these results (R. Clark, personal communication). Again, my productivity estimates (IIa broods/ pair) result from different methods but it is difficult to imagine how such low nest success reported by these authors could translate into the numbers of broods recorded on my study areas. These contrasting results may simply reflect a high degree of spatial-temporal variation in scaup reproductive success.
Mean hatch date and hatching chronology
I found similar MHD and hatching chronology in the early and recent periods. Neither prediction that hatching dates would be later because of later mean nest initiation date (9 days, Koons and Rotella 2003) nor that they would be earlier if scaup were no longer renesting was supported by my data. I interpret similar MHD and hatching chronology as resulting from no or little change in pattern of nest initiation from the predecline period because (1) estimated first nest initiation dates (by backdating first recorded brood dates by 36 days to account for egg-laying and incubation) during this study (mean day 156, range 151-168, n = 7 years) were similar to historical estimates (mean day 155, range 153-157, n = 3 [Hammell 1973 ]; mean day 155, range 152-162, n = 4 [Afton 1984] ) and (2) the appearance of late-hatching broods in both periods (> day 224, a hatching period beyond the combined laying plus incubation span of Afton's [1984] latest recorded initial nest) could represent renesting.
Brood size and duckling survival
Also contrary to expectations, I found no difference in brood size, DSR, or percentage duckling loss estimates between pre-decline and recent periods, suggesting no change in duckling survival after first sighting to age class IIa. In contrast, Koons and Rotella (2003) found a marked decline in duckling survival from the 1970s to 2000; their estimate of duckling survival (20%) from hatch to age class IIa at Erickson was less than a third of Afton's (1984) pre-decline estimated mean (68%) for [1977] [1978] [1979] [1980] . Because my duckling loss analysis does not include the earliest days of the brood period (age at first sighting: early period, mean 5.7 days, n = 78; recent period, mean 6.9 days, n = 173; P = 0.11, no significant difference at P ≤ 0.05 based on MannWhitney U test), a period when duckling loss can be high (Hammell 1973; Afton 1984; Koons 2001; Corcoran et al. 2007 ), I could be missing an increase in early total brood mortality, which would not necessarily alter my brood size or DSR estimates but that would be reflected in Afton's (1984) and Koons and Rotella's (2003) hatch to age class IIa results. Similarly, a change in total brood loss occurring later in the brood period might not be evident from my data, as DSR and brood size were calculated from broods that were present on the wetlands and I made no assumptions about the fate of broods that disappeared. However, such change in total brood loss seems unlikely because age class Ia brood sizes are unchanged between periods (no increase in small broods); no significant change was observed in the proportion of broods that disappeared (moved or suffered total loss) after having been first observed (early period: 0.29, n = 77; recent period: 0.19, n = 162; P = 0.13, Fisher's exact test; McDonald 2009); and a marked increase in total brood loss in recent times would imply unreasonably high nest success. I conclude that it is most likely that duckling survival is unchanged between early and recent periods.
Proportion IIa broods with attending female
The proportion of BWF is determined by both the degree of female reproductive investment and mortality during the brood season, and by timing of hatch (Gehrman 1951; personal observations) . Females presumably balance investment in the brood with investment in themselves (e.g., regained body reserves). My results show that the proportion of BWF has not changed between periods, and assuming similar female mortality and hatching chronology for both periods, suggest that females are not abandoning broods earlier than in the past. This result is contrary to my prediction that females might abandon broods earlier in response to later nest initiation and/ or reduced body condition (Koons and Rotella 2003; Anteau and Afton 2004) .
However, female brood season mortality may not be similar between study periods so I advise caution when interpreting these data. Nonetheless, this result is consistent with my other findings that reproductive parameters examined here have not changed over time.
Why, then, would scaup breeding pair numbers at Erickson have declined from the 1970s to the present (Koons and Rotella 2003; Hammell 2014) if, as my results suggest, reproductive success has not declined? There are 19 years of nest or female success data available for Erickson, encompassing wet and dry years ( Figure 4 ). Although these estimates may not be exactly comparable because of different methods used, they do show a great degree of annual variation even within studies and suggest that in the past 58 years scaup experienced "good" and "bad" production years. Using published estimates of scaup vital rates in prairie-parkland habitats (annual female survival [breeding season survival × non-breeding season survival] 0.61; juvenile survival rate [fledging to following breeding season] 0.55; sex ratio of juveniles 50:50; mean IIa brood size 6; Koons et al. 2006 ; this study), I calculated a crude productivity rate (IIa broods/pair) necessary to maintain a stable population at Erickson. I assumed that all surviving adult and juvenile females returned to Erickson the following year and that immigration was minimal, a reasonable assumption as scaup are known to exhibit a high degree of philopatry (Afton 1984) . I also assumed that duckling mortality from age class IIa to fledging was nil, although some mortality likely does occur. Starting with a hypothetical 100 pairs in the spring of year y, annual female survival + juvenile female recruitment and survival must equal 100 at year y + 1 for a stable population. Therefore, 61 adult females + [(productivity × 100) × (6 × 0.5) × 0.55] = 100. Imposing this productivity value (calculated at about 0.24) on Figure 4 , the frequencies of years above and below the putative maintenance line are similar and, consequently, scaup may have difficulty increasing populations over time. Indeed, a prolonged period of dry years occurred during the late 1980s to mid-1990s, when mean numbers of ponds counted on both segments 3 and 4, transect 6 near Erickson (1987 Erickson ( -1995 were below the 1955-2014 segment means (unpublished analysis). Juvenile recruitment and breeding propensity is low during dry years (Rogers 1964; Hammell 1973; Afton 1984 ; this study), and, during these years, scaup might have suffered repeated annual breeding population loss. Given a continuation of historical fluctuating habitat conditions where gains in "good" years might be negated by losses in "bad" years, there may have existed little capacity for scaup to recuperate these losses following the dry period, and the population has remained low. In addition, change in survival or carrying capacity away from Erickson may have reduced the density of settling pairs.
Conclusion
My results do not support the hypothesis that Lesser Scaup reproductive success has decreased since the 1970s in the Erickson parklands. Although causal mechanisms responsible for reduced continental populations are, as yet, unresolved, my results are consistent with the hypothesis that recruitment of southern breeders is not much affected. If scaup females are arriving on the Erickson breeding grounds in poorer body condition than during the 1970s (Anteau and Afton 2004) , they may be replenishing reserves during the 4-6 week prelaying period (Afton 1984) and entering the laying and incubation periods with sufficient reserves to reproduce at levels similar to historical values. Captive female scaup have been shown to completely recover from a loss of 11% body mass in only 4 days, and, during migration, some wild-living scaup could increase body mass by about 60 g/day under ideal foraging conditions where abundant natural foods were supplemented by corn (Martin 2007; Anteau and Afton 2008c) . In addition, at a high-elevation southern breeding site in Montana, USA, during the lengthy pre-nesting period, a female of average structural size was able to increase her body condition by 2.2 g/day (wet weight) supplementing endogenous reserves (lipids and protein) with nu trients from local dietary sources (Cutting et al. , 2014 Warren et al. 2013) . Together, these results suggest that mass loss can be re versed if food supplies are adequate. In contrast, boreal breeding scaup undergo a much longer migration and may arrive at northern breeding areas with reduced re serves. on arrival, they do not have a long pre-laying period in which to regain reserves (Trauger 1971; Brook 2002) and, consequently, reproductive success may be suffering (Brook 2002; Corcoran et al. 2007) . In fact, Afton and Anderson (2001) reported that the steepest continental scaup population declines oc curred in the boreal region.
This study and that of Koons and Rotella (2003) used different methods which confound direct comparisons. A repeat of Afton's (1984) pre-decline study, using his methods, would provide additional data. Also, it would be valuable to see if the results of this study hold at other southern breeding areas, by undertaking comparative studies; historical studies exist from southern Saskatchewan and Alberta (Keith 1961; Smith 1971; Hines 1977) .
